Hyperoxaluria with hyperglycoluria not due to alanine:glyoxylate aminotransferase defect: A novel type of primary hyperoxaluria. Considering the clinical heterogeneity of primary hyperoxaluria type I (PHI) and the fact that in many instances this diagnosis was made without enzymatic and immunohistochemical investigation, other disturbances of oxalate metabolism than those presently known can be expected in PH1. Using a gaschromatographic/mass spcctrometric method that allows quantification of these acids, hyperoxaluria and hyperglycoluria was found repeatedly in two unrelated patients. The hyperoxaluria was unresponsive to pyridoxinc. There was no nephrocalcinosis or urolithiasis. In the liver biopsy normal AGT activity and normal localization of this enzyme in the peroxisome was found. In one patient abnormal Km and maximal activity and mozaicism of AGT were excluded. Hyperoxaluria and hyperglycoluria were also found in other family members, suggesting autosomal dominant transmission. Although the underlying defect leading to hyperoxaluria and hyperglycoluria could not be identified in these patients, it is probable that they represent a separate type of primary hyperoxaluria.
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At present two types of genetically-determined primary hyperoxaluria (PH) are discerned. In type I (PHI) glyoxylate metabolism in the hepatic peroxisome is impaired as a consequence of deficient alanine:glyoxylate aminotransferase (AGT) activity; in 2/3 of these patients hyperoxaluria is accompanied by hyperglycoluria [1] . Measurement of the catalytic activity of AGT and study of its subcellular localization in liver biopsies from patients with PHi have demonstrated that the cause of the AGT deficiency may vary from a diminished catalytic activity of the normally localized enzyme to a diminished activity due to extraperoxisomal localization of the enzyme [21. The much more rare type 2 (PH2) is probably due to a deficiency of a cytosolic enzyme with D-glycerate dehydrogenase and glycerate reductase activity in the liver. This type is characterized by an increased urinary excretion of oxalate and L-glyccratc [3] .
We report on two unrelated patients with hyperoxaluria and hyperglyeoluria and therefore categorized as PHI, in whom AGT was normally localized in the peroxisomes and had a normal Received for publication March 7, 1996 and in revised form April 31, 1996 Accepted for publication June 13, 1996 © 1996 by the International Society of Nephrology catalytic activity. This metabolic error may represent a separate type of primary hyperoxaluria.
Methods
In the children (patients and their siblings) random urinary samples and in the adults (their parents, grandparents, aunts and uncles) 24-hour urine collections were examined. Organic acids, oxalie acid, glyoxylic acid and glycolic acid were determined as their trimethylsilyl derivatives by gaschromatography on a capillary column (LP-Sil 19 CB, Chrompack, The Netherlands) using an HP 5890 gaschromatograph connected to a HP 5972 mass spectrometer (Hewlett-Packard). Extraction and preparation of the derivatives was performed as described by Duran et al [4] . 3 [5] [6] [7] . The values obtained in our patients were the only ones in that range during an examination of more than 2,000 urine samples; they were comparable to the values obtained in a proven ease of classical PHi. Oxalate values were expressed in j.rmol/mmol creatinine in the children and in j.rmol/24 hr in the adults, glyoxylate always in imol/mmol creatinine. AGT activity in liver biopsies was determined with a spectrophotometnc technique as described earlier, which allows measurement in small quantities of tissue [8] . Subcellular localization of AGT was performed using an immunogold technique for light and electron microscopy [9] . Samples from both biopsies were incubated for the cytochemical demonstration of catalase activity with diaminobenzidine according to Rods, de Prest and de Pestel [10] .
Morphomctric analysis of the hepatic peroxisomes was performed according to Kerckacrt, de Craemer and van Limbergen [11] .
Patients
Patient 1, a girl, came to our attention at the age of 12 months with a history of pronounced growth and weight retardation. Psychomotor development was normal. Besides the marked dystrophy (weight 3.5 kg below third percentile) and growth retardation (height 4 cm below third percentile) there were dysmorphic features consisting of outstanding, abnormally shaped ears and slanting of the eyes. There were no other abnormalities. No indications for intestinal malabsorption were found: serum proteins and lipids were normal as were fecal fat excretion, sweat test and X-rays of the gastro-intestinal tract. Direct mass spectrometnc analysis showed a normal urinary bile acid pattern (M. Duran, Utrecht, The Netherlands). Glomerular filtration rate was slightly decreased (inulin clearance 77 ml/min/i.73 m2); i.v. urography and ultrasonography showed a right kidney that was smaller than the left, but no nephrocalcinosis or urolithiasis. Ophthalmoscopy and X-ray of the skeleton were normal. On metabolic investigation a normal urinary pattern of amino acids was found. Gas chromatography/mass spectrometry of the organic acids in the urine, however, revealed an increased amount of oxalic, glyoxylic and glycolic acid (Table 1) . A comparable value was obtained for oxalic acid with an enzymatic method (P. Divry, Lyon, France). Plasma oxalate was also increased. Increased values for oxaluria and glycoluria were found on different occasions; treatment with pyridoxine, 200 mg/day, during two months did not influence the oxaluria. With the presumptive diagnosis of PHi, a liver biopsy was performed which showed normal catalytic activity of AGT and a normal peroxisomal localization of the enzyme (Fig. I A,  C) . Immunoblotting confirmed the presence of normal AGT. Calciuria was within normal limits for age (calcium/creatiriine ratio 0.22) as was citraturia (370 mmol/mol creatinine in a 24-hr specimen). Investigation of the family members revealed hyperoxaluria in the father (496 jxmol/24 hr), his sister (1504 jxmol/24 hr) and his mother (556 emol/24 hr) (normal < 170 mol/24 hr). The aunt of the patient, but not her father and grandmother, also had hyperglycoluria (410 tmol/mmol creatinine; 95th percentile for age: 99 jemol/mmol creatinine). Moreover, the father and his sister, but not the grandmother, suffered from cystinuria. Ultrasonography of the kidneys was normal in the mother and the paternal aunt and grandmother. The father had frequent episodes of urolithiasis for which one kidney was removed. Urolithiasis in the remaining kidney was confirmed on ultrasonography. At present the patient is being treated with citrate in order to prevent calcium oxalate deposition. Height and weight remain below the third percentile.
Patient 2, a boy, presented at the age of two months with an apparent life-threatening event (ALTE). Clinical investigation on admission was normal but gastro-esophageal reflux was diagnosed and treated. As in all our patients with ALTE, the amino acid and organic acid patterns in the urine were investigated. While the former was normal, the latter revealed an increased excretion of oxalic, glyoxylic and glycolic acid ( Table 1) . The hyperoxaluria and hyperglycoluria were confirmed on several occasions. Plasma oxalate was increased. Treatment with pyridoxine, 300 mg/day during two months, resulted in a non-significant decrease of the oxaluria. Renal function was normal. Ultrasonography and X-ray of the kidneys did not reveal nephrocalcinosis or urolithiasis. A liver biopsy was performed which showed a normal catalytic activity of AUT and a normal localization of the enzyme exclusively in the peroxisomes in multiple areas of the biopsy specimen ( Fig. 1 B, D) . The enzymatic activity of AGT with different concentrations of its substrates L-alanine and L-glyoxylate was also studied in the liver biopsy: Km as well as maximal AGT activity were not different from control values (Fig. 2 A, B) .
Calciuria was normal (calcium/creatinine ratio 0.25) but citraturia was markedly elevated (1617 mmol/mol creatinine in a 24-hours specimen). Investigation of the family members showed hyperoxaluria in the mother and the maternal grandmother (1280 jrmol/24 hr and 313 emol/24 hr; normal < 170 j.tmol/24 hr) and a slightly increased glycoluria in the mother (109 jtmol/mmol creatinine; 95th percentile for age: 99 .tmol/mmol ereatinine). Ultrasonography of the kidneys in mother and father was normal. Treatment with citrate was started. On follow-up, clinical investigation remained normal. It should be mentioned that the maternal grandmother suffered from urolithiasis, the nature of which could not he defined, and renal failure.
In both patients the morphometric values of the hepatic peroxisomes were within the range of control livers (Table 2 ).
Liver biopsy in family members was refused.
Discussion
In both patients the increased urinary excretion of oxalic and glycolic acid was detected fortuitously because these acids appear on the chromatogram of organic acids as it is performed by us. This method also reliably quantifies these acids. The values observed for oxaluria were two-to sixfold the upper normal limit Fig. 3 . Schematic representation of the metabolic pathways of glyoiylate, glycolate and oxalate in the human hepatocyte. Abbreviations are: SPT, serine:pyruvate aminotransferase; AGT, alanine:glyoxylate aminotransferase; DAO, Damino acid oxidasc; GO, glycolate oxidase; OR, glyoxylate reductase; LDH, lactate dehydrogenase; GGT, glutamate:glyoxylate aminotransferase; GD, glycolate dehydrogenase. mentioned in the literature for this age group, and were the only ones in that range among a large number of urine specimens. The hyperoxaluria was confirmed on several occasions and was not influenced by high doses of pyridoxine in the first patient and only slightly in the second one. The hyperglycoluria was also found repeatedly but was more variable. Plasma oxalate was increased in both patients. From the biochemical point of view our patients should be categorized as PHI: the absence of L-glyceric acid in the urine excluded PH2 and glyeolate excretion is normal in the different forms of secondary hyperoxaluria, with the exception of ethylene glycol intoxication [I] . Clinical symptoms suggesting PHi, mainly nephrocalcinosis and urolithiasis, were absent, but it is well known that such symptoms and their repercussion on renal function may appear only later in life [12] [13] [14] . Different factors determine stone formation. It is noted that the father of patient 1, Adult controls [11, 17] N 95% confidence limits who had relapsing stone formation, had marked hypocitraturia (58 mmol/mol creatinine), whereas the other family members of the two patients without urolithiasis had normal citraturia. Considering the biochemical findings in both our patients, it was surprising that none of the enzymatic abnormalities found in PHi and which may vary from diminished activity of normally localized AGT or absence of the enzyme to diminished activity resulting from extraperoxisomal location, were observed in the liver biopsies [2] . The normal morphometric values of the hepatic peroxisomes also differed from classical PHi in which a decrease of peroxisomal size was constantly found in combination with a reduced [151 or normal to increased [11, 16, 17] number. Using the proposed correlation between the size of the peroxisomes and their functional capacity [181, the results in the present cases indicated a normal content of the peroxisomal matrix.
Other mechanisms than these well established causes of diminished AGT activity must therefore be considered. In view of the concomitant hyperglycoluria and taking into account that in humans the glyoxylate pathway is the main endogenous source of oxalate, this error is probably localized in the peroxisomal branch of glyoxylate metabolism (Fig. 3) . As far as AGT is concerned, other possible causes of a diminished activity of this enzyme could be an abnormal Km value or AGT mozaicism in which AGT would be expressed only in a restricted number of hepatocytes; both possibilities were excluded in the second patient. Another possibility is a diminished AGT activity as a consequence of a deficient transport of its substrates alanine or glyoxylate or both through the peroxisomal membrane. Very little is known about the transport of these substrates and we were unable to investigate this in our patients. Theoretically, peroxisomal enzymes other than AGT could also be involved (Fig. 3) . Thus, the deficiency of glycolate oxidase, a flavoprotein in the peroxisome, would lead to accumulation and leaking of glycolate into the cytosol where it would be transformed to oxalate by glycolate dehydrogenase. Hyperactivity of D-amino acid oxidase in the peroxisome would also result in hyperoxaluria and hyperglycoluria. All these possibilities need to be investigated in our patients, however, for ethical reasons a second liver biopsy was not performed until this study.
A deficiency of riboflavin, a co-factor of glycolate oxidase is improbable as the organic acid pattern in the urine indicates a normal fatty acid oxidation. Carboligase deficiency, which was originally proposed as the cause of PHi, has never been demonstrated in the human and even the identity of this enzyme has been questioned [1] . Furthermore, there were no biochemical or hematological indications for thiamine deficiency, which in the rat may lead to hyperoxaluria as a consequence of diminished carboligase activity.
In 1986, Gill and Rose described a condition characterized by urolithiasis, hyperoxaluria and glycoluria, which they separated from PHi and labeled mild metabolic hyperoxaluria [19] . The main distinction with PHi was the lower degree of hyperoxaluria. All patients were male and only sporadic cases were observed. As no enzymic studies were performed, it is difficult to discuss the relationship of this condition with that in our patients or even with PHi.
Whatever the underlying defect, both patients probably represent a separate type of primary hyperoxaluria. This is not surprising when one considers the clinical heterogeneity in patients in whom the diagnosis of PHI was made, often without enzymatic and immunohistochemical data. As opposed to classical P1-Il, where the transmission is autosomal recessive, the disorder in our patients appears to be inherited as an autosomal dominant trait. The occurrence of cystinuria in the first family is puzzling, but it should be recalled that both the human AGT gene and the gene for cystinuria have been mapped to chromosome 2 [20, 21] . In the family presented here, both disorders seem to be independently inherited.
Whether our patients will develop urolithiasis and nephrocalcinosis is uncertain considering the many factors that determine stone formation. As oxalate excretion was in the range observed in classical PHi, we treated both our patients with citrate [22] . A much longer follow-up is needed for the evaluation of the further evolution.
